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Figure 5 Statistical Failure Detection 
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Figure 12. 

Normalized Bit Vibration with Moderate Bearing Damage 
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Figure 17. Failure Indication (MSRA Method) 
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Figure 18. Schematic of MSRA Failure Detection Scheme 
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Discrete FFT of Strain Gauge Signal for No Bearing Damage 
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Figure 22. 



Discret FFT of Strain Gaug Signal for Light Bearing Damage 
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Discrete FFT of Strain Gauge Signal for Moderate Bearing Damage 
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Strain Gauge Signal with Bearing In Early Failure 
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Mean Strain Analysis for Bearing in Early Failure 
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Figure 30. 



Mean Strain Analysis for Shifting Load Condition 
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Figure 31. 
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Figure 32. Schematic of ANNPA Bearing Failure Detection Scheme 
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Figure 33 Adaptive Neural Network Predictor (ANNPA Method) 
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